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BACKGROUND OF THE INVENTION 



Field of 'the Invention , ■ • ■ 

Tlie. invention relates generally to. display • 
ill.^rainationt^de^ for use in passive 

- displays 'arid' more particularly . torxa backlight 
. . ; ^ ill\iminat ion "device and a method of enhancing 

r-v- • /-/l^^ragh device. 

f- or^ .KM .vVM .i;';./ ..;v>:.'' --i - ...v -s ? i> 

Description *^^df the 'Related Technology 

15 ; ; . . . j; ,Bac]5.lAt,v..!^i^ such''^ as liquid crystal 

.i ^ :lightguide -V ^rThe.iiwedge-shap^ lightguide couples 'I'l'gK^^ 
. . f rpm; a.isui^^^ source, such as a cold 

cathode f luore scent ^ lamp. (GCFL); 
20 planar,, output . ^The Vplanar uoutput d-sxthen' cou^ -. 

' ' The* peiff o^^ a display- 'dev^^ ; 

judged by its brightness . From a subj ective standpoint 
relatively small increases in overall brightness are 

25 not easily perceived by the end user of the display 

device, but it is possible to measure relatively small 
increases in brightness' objectively. While ilbt 
directly appreciated by the end user, a display with ah 
objectively measured increase in overiall brightness of 

30 oniy a '.small percentage, f or.,example/>rperhaps\as little 

as" 1 percent , is perceived-as^ being signi-f icantly 
be 1 1 er . :-byr -rthe des ignerv "of- • tKe--pr bliuc t:-~us ing^^^^^ 
display 7 V "This, is'^.fc 

less^power to ' the. display device ;^v^etR^ an 
35 ^ acceptable /ievel'^d 

portable devices V^thi's "trans la-^tefe'- to ibnger 1 r:umiing . 
time's. ■ -^r . . • '* ' ' '* .. - , 
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The alternatives for increasing display brightness 
include using more or brighter light sources. . Counter 
,to_the ability, to, decrease, the power allocation to the 
display deyicp.,,' additional light . sources^ and/or 
brigliter light sources consume more energy,.: which for 
portable devices thiS; correlates to decreased :battery 
life. Also, adding- ligrht sources to the device may 
increase .th^, product: cost and, -can; lead, to' rdduced; ' 
r^eliability pf. the. device . / .. 

Brightness is alfSQ , enhanced by more efficiently 
using the light, that, is-^ ayaiiable within the display 
device, , i.e.., to. direct more < of {.the available /-light.. • 
within the display., along sl, preferred viewing axis, p A 
niinpDer of mechanisms ha.ye been , employed within, display 
devices to impr,ove display., device,, efficiency. For 
exampl^,. br.ightne?^; enhancing. j^f^ilms - having, prisma tici* 
struq.tures are. frequently - used to. dirept. light x that; : 
wou]Ld o^therwis hot be viewed along... thie viewing, axis. 
A ..typical f lat .panel ^ d may use; several- 

different films to provide an overall bright, high ' 
contrast display wi svibstantiallyf ^unif orm. output 
a Jong., the preferred viewing, rd^^ 

diff users , or ; 3^ulk .diffusprs are sometimes used to...mask 
. def ec..t;s,. in .t;he outgut..of. . the - lights . 
dif f lasers .,?c^j:t^ light - from the .^viewing axis and f 
therefor^,, reduce qn^axis . brigh^^ ' . jj.^ 5. 

; ^ , r^ightguide improvements h^ contributed;, to 

improved Iprjightness in display devices .1 ^> T > 
lightguides .extract, light .by . diffusion, i^nd may: be. 
enhanced by geometric, recyclin^^^ Light rays entering 
the lightguide encQunter. diffusing [elements./ . typicariy 
a pattern of white dots applied to a surf ace of , the i 
lightguide,; and . ar.^ dif tusively e5!:.traet.ed: by . 'scattering 
from, the lightg^iid^. . Qtlie:?: - light rays., are -it ot ally - 
internally --reflected within the lightguide • untiL.:.. ..'T; • 
encountering a, diffusing element. Losses -are , 
encountered . in these pro,cesses, and because the. light 
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is diffusely, extracted, without any coilimation, 
on-axis brightness is lower. With enhancement, the 
diffuse light rays may be directed' more' on! axis/ in a 
quasi-collimation process, which results in enhahc'ed 
on-axis brightness . ' 

. -Another method- of ^ extracting light' from a * * * 
lightguide is by use of frustrated total internal * 
reflection: (TIR) . In orie type of frustrated TIR the 
lightguide has ; a wedge shape; and light' .rays' incident 
on a : thick* edge of the lightguide aire totally - 
internaiily reflected -until achieving critical angle 
relative to the top * and bottbm surf aces of the ' - 
lightguide. These sub~critical angle light ' rays aire' 
then' extracted, or more succinctly refract from thW 
lightguide, at a glancing angle to the output surf ace . 
ToJ be -useful ' f or ;illuihinatingV a display ' device/ th'e^^^^ 
light rays' must then - be^ turned substantially parallel 
to;, a - viewing, or output , aixis of the",dispiay devibe T ' 
This turning is- usually^ 'accomprished using ' a' turning 
■ lensr.>or turning ' film : • • -'^i-y.. .• ^ y.-,- 'i • : 

i A turning^ lens = or turning film typically includes 
prism ■ structures formed- on 'ah. input ' surface , i^d ' the 
input surface is idisposed adjacent the' lightguide 1 The 
. . , . . light .r^y& exiting -the/- iigh ■ ... ; 

angle, . usually aess than 30° to the butjiutV slif f ace, 
encounter the prism stiructuj^eis: -'The li^iat "rays * ai^^ 
refracted J-by a first -surface bf tlife'rprikm stiructures 
and are ref lected by ^a seddhd ' surf aSe'^ of ^^^^^t^ iirism' • ' 
structures such that ^ they are 'directed by the * t:{irhing 
lens .or: film iii -the desiredVdirectidfi, e ■ g ^ ,^ ' - ' ' = ' ' 
. subs t ant ial-ly parallel - t.o "a' viewing' alxis of the *' "* " 
^display;' • : "'■''•^ ■ ^ol' • • ; ;:tw ::• 

LightgUidesv^ and^ their cbrrespondirig iilumination 
systems /' that • operate"^ using 'thiV prihcit)le''^of f rWstirate 
TIR ai?e -of ten' referred to a;^ oiie-i)'ass b^ Wis 
is because the^ Tight exiting the ' rightguide is riot^ 
redirected back tb the ligh'tguid'e as is done ih " 
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recycling lightguide. Recycling lightguides generally 
extract light- by diffuse* reflection from a carefully 
designed pattern of . diffuse dots formed- on to tSe " 
bottom .surface >:of the . lightguide/ Behind the pattern a 
. diffuse,. t>ut highly reflective sheet, is placed/ but is 
not laminated. Above the- lightguide (toward the LC 
module) is placed a diffuse sheet and potentially the 
afore-mentioned opticalL films for -directing the 'light 
rays along the pref erred, viewing akis' and- to control 
the polarization of - the flight/ Light rays that"^ do not 
exit., at the proper- angle and/or of- the wrong • 
polar i-zat ion aire generally, .reflected back into.;- the ■ 
ligh;tguide, where., they, scatter and ^change polarization 
as a result /of rencountering either- the diSfu'se pattern 

. and/ or ; the back I side, refleotor I t^This^ref lection; or ■ 
recycling of light, rays causes ^the^^ cavity to^'become'^^ 
brighter,. as more. light rays of the proper angle 

.orientation and polarization, are emitted." 

SintfMARY OF THE INVENTION v ^ 

, , .Inr.accQrdance; with the invention,* "an illumination 
.system .including; a.i lightguide that operates under ' the 
prinqiple of frustrate total .internal-^ref lection - 
includep, ppt.i elements and: coinbin^ti'6^^ of ' pptical 
elements for enhancing the apparent brightnes:^ of the 
lightguide. • .,•..<;" ..w ■ •• 

.In; a f irst - .aspect: of the invention, "an ' - • 
illumination deyice. includes va light source and a ' 
lightguide -coupled to the light^^ source . The- lightguide 
is arranged. .to extract light by frustrated total ' 
■ internal refl:ection,: A^ turhihg -film-is- • coupled ' 
output of the lightguide .and is arran'ge^d -tO' redirect' * 
the ligh.t -r ay s^. from- the output isurface^ of ■•'the "'i^'^' ' ^ ' 
lightguide, through = the turning ; film. • An optical- * 
el^ement;^ is coupledj to.: the turning . film,- arid ^the' ^optical 
element, incluc^es . an. :dpticalr structure that tr^nsmi'ts . 
light rays haying a^ first characteristic 'and reflects 
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light rays having. a second characteristic. A reflector 
is .coupled to a back, surf ace of the lightguide, and ■ 
lights, rays haying the second .'characteristics are 
ref Jeqted by said optical element through the turning 
f ilm^ and into the lightguidey and at least a portion of 
said reflected light .rays reemerge from the lightguide 
having the first characteristic*. 

In another aspect of the inventionr a display - " 
device, includes ai , liquid, crystal' display module'. A ' 
dif fusei;. .is coupled^, to the iliquid crystal- display * > 
module, and a reflective polarizer is coupled to an 
input; of the dif fuser . : : A turning film is coupled; to an 
input of the reflective polarizer and to: 'a lightguide. 
The- lightguide, : operates .'under, the principle of - 
frustrate . total . internal reflection - for *dii:e*G ting, light 
rays..j from .a light . source . through ..a outp-dt surf ab^ : A ' 
reflector, is coupled to a back surface of the ' ■ 
lightguide . The-ref lective polarizer transmits light 
rays having a first polarization and reflects light 
rays having a second polarization: reflected light 
rays are reflected ..through turning: film and' Into 

the lightguide, and at.aeast.; a portion .of the -ref lected 
light rays are reflected. by.. the reflector at the^back - 
surf ace. and reemerge . farom- the. lightguide having' the ' 
first -ipolarizatipn. • <- . o.: • : c; ■.; 

In still another aspect of the invention, a^method' 
of enhancing ; brightness .in. a display devic^; wherein 
the display ^4evice,:includes a;. liquid crystal 'display 
assembly and:.:an illwnination source, and the * ; • 
i llxjoninajt ion source: r has : a- lightguide that 'extracts 
light, rays .according. :to the. principle of fr'tistrate ' 
total. rinterna;.l i reflection, . includes the steps 6f *' 
injecting .light, r^ys^ having a - f irst. •pblariza'tion 
orientation and^. a s.ecbri'd tpolarization orientation irito 
•the lightguide . at . an . input:..! surf ace;^ turning- light- ray-s 
exiting- an output surface- of = the" lightguide to a- ' 
direction substantiallyi.normal' to the ^output surface; ' 
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transmitting light rays having the first polarization 
orientation; reflecting light rays having the second 
polarization orientation back toward the lightguide; 
randomizing the reflected light rays to produce a 
portion .of the. reflected light rays having the first 
polarization orientation; and transmitting the portion 
of light rayis. 

BRIEF DESCRIPTZOia OF THE DRAWINGS 

The m^y advantages- and f eatures of ' the present 
invention will become apparent to: one of ordinary skill 
in the art from the following. detailed -description of 
several preferred embodiments ' of the invention with 
reference to. the .attached drawings wherein like 
reference numerals .refer to -like • elements throughout 
and' in,, which:" ' y- - - / 

.Fig. l-is a. schematic iriustratiori of a display 
device;.. = :.. » . •. . 

Fig. 2 is a schematic illustration of a display 
device , in accordance . with a preferred embodiment of the 
present, invention; . .n] " . , . . 

Fig. 3 is a perspective view of reflective', ■ 
polarizer suitable for use in the .display device 
iliu^tr^jated vin Fig. :. .2 ; v -i . ^. . - ^ :i. . 

; ^ -Fig. 4 is a perspective view of ah. alterriative 
reflective polarizer isuitable: for use- in the ^display 
deyice illustrated in Fig^i 2; ;^ r ' i. 

./ Fig.. 5 is a schematic illustration of ^ an ••• 
illumination device. adapted; in i laccordahce with' an 
al ternate embodiment . o 

I >; Figjr:-6 . is, a schematic::dllustration' of an ^ 
.illumination, devic^ adapted ■ in.^ accordance with • an • : 
alternate embodiment .of; the: invention.;- ^. .^ 

Fig. . ?! is . a s^.hemati.G/..il lus titration. ^of ' an- ... l 
illmnination; device adapted in; accordances. with an- 
al ternate embodiment • of ; the : invention;.* • 
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..Fig. 8 is a schematic illustration of an 
illumination device adapted in accordance with an 
alternate embodiment oof the invention; and - • 

Fig-.. 9 . is a, schematic illustration of an 
illumination . device adapted in accordance with an 
al.ternate embodiment .of ...the invention.; 

DETAXIiED DESCRXCTXON OF THE PREFERRED EMBODXMENTS 

-The -present- inventionr is described in terms of 
\ several preferred, embodiments., and particularly, in 
.terms^ ojE a ^ turning f ilm t.sui table for use in -a backlit 
illumination device typically : used in f lat panel 
display devices, such ias a laip±:op computer display or a 
desktop .flat: panel display-. The^ invention, however, is 
not so limited in application and one of bifdihary skill 
in the art :will» appreciate that ^ it has application to 
virtually any optical system, for example, to • . 

projection screen devices anti^ flat panel televisions. 
Therefore, > the preferred: embodiments .described herein 
should not be taken as limiting of the broad scope- of 
the inventiori;^ - j ^.v - " v ■ i 

With ,ref e^renee - to Fig. 1, a display 10 is^ 
illustrat.eji. with a multilayer ,liqfuid *crystal' -display - 
ass;emblyr..l2,/. .which, may ..include a front, polarizer 14., a 
glass layer 15 ,. - a ..liquid crystal layer 16 V a glass^ 
layer 17 and a rear polarizer 18;^ Thie display 10 may 
also include; a: display illuminati'dn device 20;-^that .has 
■ a lightguide 22.,: a light , source assembly 24- and a ^ 
turning film 2 6;. -/rhe. light ' source .'assembly ^24^^'m^ 
include ,a.. cdld^cathode. fluorescent- tube J •.(CCFT)^ light 28 
disposed' within ,ra^ reflector^ housing 3=0* 'adjWbent -'ahf- 
input surface 32 xrofr.ther light guide'; 22K^-'.-' ^ -^-^ • *• - 

The : turning; f ilm^. 2 6 ' has i aw^ inpiit s'uirf ace 34 formed 
with.. a plurality*; of prism struc^tures" 36 • di'^sijbsedi' tbWard 
an output surface 3 6 rof^ the:~ lightguide' 22 .' Disp 
adjacent a back surface 38 of . the- lightguide 22 is a 
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reflector 40. A diffuser 42 may be disposed between 
the turning, film 2 6 and' the " display assembly 14 to 
masks defects or non-uniformities. The lightguide 22 
itself' may. be* a wedge or* slab ahd/or modifications of 
each^. ...... 

The. edge- coupled light propagates from, the input 
surface 32 'toward ah iend' surface 33 ;' confined by' TIR. 
The light is- extracted f rom- the iightguidie''22 by ^ - 
frustratioii of the TIR. A ray confined - Within the - 
lightguide 22 increases it-s\ anjgle of incidence- relative 
to the plane- of the top' and bottom^ walls ; due to the' 

■ wedge angle, with" each TIR bounce. " Thus,- the light 
eventually refracts out of' each of the output surf acie 
36 and -the- back ' surf ace 3-8 ' because* it- is' ' ho ■ longer 
contained by' TIR. "The light ' refrkctirig but- of -the bkck 
■ surfacW 3"8' is- ^either •speculatly^b^ 'diffusely reflected 
by the reflector '40' back toward' and -1^ the 
ligh'tgiiide 22. The 'turning film 2 6 is arranged-^to^ ' 
redirect the light rays exiting^ the output surface 3 6 
along a direction substantially ' parallel to a preferred 
viewing^ direction. The preferred viewing direction may 
* be normal to- the output- surface 36, i but will* mbre'^ : 
typically be at some* ariglfe to^ the/ output sU'r-f ac^ - 36'. * 

. The:-l'ightVi^^^ turning film 2^6-' are -..--: •: 

generally illuistrated by ray' bundle 44 'having li^hf- 
rays of a' f irist piolarizatxbh orientation' ' (a) ahd^ a ' 
second polarizatidh^ oriehtatiori' (b) / -' These light' rays 
are' diffused ^ upoh^ passing- ^througb '^the dif f usis'r ■ 42 and 
ehtWr' the diisplay^ aissembly 12 . ■ By normai-- opera of 
the display assembly 12 ,^ 'the'-'Mght rays^^ having i-' the ' 
first polarization orientation '(a) ' aire- trans^^^ 
( arrow' 45 ) by the di spl ay . assembly ' 1 2 • whi l*e ' the 1 igh t 
rays- having- th^ second- pplar'ization' brifentatidh' '(b)'-' are 
absorbed; - whifch is* ihdibated 'by 'the arrow 46' exit-ihg 
' • from the si<ae ' of ' the' display assembly > 12 Therefor 
assuming no losses within' display 10, by- design'only 
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half of the available light rays entering the 
lightguide reach the viewer. 

.Wi>th reference now. tp Fig. 2 , . a display 100 is 
illustrated with, a ihultilayer. liquid crystal, display 
assembly 102, which may include a front polarizer 104 , 
a glass layer. 105, a\ liquid^ crystal layer :106 , a glass 
layer, 107 . .and . a rear polarizer 108. . The . display 100 
also includes a display illumination (ievice 110. that' 
has an lightguide 112, a light source assembl-y '114 and 
a turning film- 116 . The . Light spurce asseiTiblY.:inay . 
include a .cold cathode r fluorescent tube (.CCFT) light, 
Ii8, disp9sed .within a reflector:-, housing . 12 0 adjacent an 
input surface 122 of the . lightguide; 112 . _. . 

The turning fi lm;..ll 6; has an input surface 124 
formed with a plurality of- prism strridtures 126 

} disppsed toward, an output, surface. 1;26: of the lightguide 
112 . . Disposed, adjacent a back surface 128 of. the 
lightgruide 112 is a ref lectpr . 130 . ; A dif fuser 131v is 
disposed , between . the turning, f ilm. 116. , and the^ display 

. 102.. to masks defects or, non-unif ormities i . 

The. display 100 inay, further, include , a reflective 
polarizer 132 disposed bejtween ,the turning, film 116 and 
the display .assembly 102.: The. reflective polarizer 132 
.may., be - a multilayer reflective polarizer : 13.4., as . shown' 
in Fig. 3, or ., may be a . continuous , ref lective polarizer 
136 , constructed from a substantially birefringent.. 

, continuous phase including dispersed: therein a - :; - 
, substantially; non-birefringe^^ disperse phase disposed 
therein, as , shown in Fig. 4 . / . The. ref leqtive polarizer 
132, may;, further be a. chbl.ersteric polarizer or a v 
biref ringentv film- retarder-.^ j.. ... . j . . , . .. , . • . = 

; r.Ref erring, first; .t<p -p;ig -v.^x, the .illustratave. 
multilctyer. reflective* ppla^ ris made - of f; 

alternating ..layers .r(ABABAB..-,:)ri^pfr two different.; ^ . 
polymeric -materials,. These, are ; ref erreca jtp as. material 
''A." and . material <VB" . .throughout the f ollowing . 
discussion. The two materials may bfe extruded together 
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and the resulting multiple layer (ABABAB. . . ) material 
stretched approximately 5 :1- along one axis (illustrated 
as ^*X"-) v and not stretched appreciable^ 1:1 along -the 
other. SLxis (illustrated as . ^The* X axis 'is 

referred to- as the >*stretched"- direct ibh and the Y axis 
is referred- to as. the transverse" . direction. ' - 
. The B 'material may have a nominal index of 
refraction (n^l.e^^ =for example) which is not 
substa:ntially -altered' by the stretching process.^ The A 
materi-al has :the'-;propertyl of having the"' iridex"' of ' * 
refraction altered by the stretching -process J; For' ' 
example^ ' a" uniaxial I'y stretched^ -jshe'et of the A\ material 
will chave one' index bf' refraction (n=l . 88 - for exampl^e) 
associated with the- stretched direction arid 'a 'different 
index .of* refraction^ (h=IL**. 64 ■ f or fexainple) associated'"" 
wi th, the; - transverser-dirfectiori . ; By>iway^ of de^ irii t-irdn ; 
the index of i. refraction associated with' an -in-plane" 
axis (an :axis ' parallel^ to ' the: surface- of the film) 'is 
the.ief f ective index bf iref raction' f or plane polarized' 
incident -light^ whose ' plane: -of pqlarizatibn is parallel 
to that" ' axis .n.-.^:: k.^ -r-^^-.:'.]: - ii-.^ijn '-rfv- 

•■•f.i Thus/, after ''Stretchings the^ multilayier- stack ■ ^' 
(ABABAB^i- J. )1 5the>™aterial. shdws . a' large ' refractive index 
. dif ference .between layers'' (ideltaj;n=l...:88-'l-. 64=0:. 24). V 
associated withvt the. stretched- direction ." - While - in the 
transverse- dir.ectionv ' :-the> associated- indices* of-' .* 
ref racfcioh> betweehi layers'- are- essehtial^ly ^ the-= same' ■ 
(delta n=l . 64r^l . 64 = 0 . 0 ) vThese optical- characteristics 
causej.'the multilayer^ leiminate. -to; act asv a ref lecting 
polarizer that^ wii^ :transmit vthe ' pbiarizatidn component 
.of rthiB- incident 'iight . that is 'correctly' or ieilte'd'' with * 
respect to the transmission axis (illus'tratfe'd as - ^T'O 
The light'^that .emerges vf roirf. ^the*^i rWf lee=t"ive'^v po 
134 ;is.' referred to - as.' having ^ a >i first pola'ri'z'atdon^ " 
• ■orientation:^ ^:('a):;Oi: 3;:: ---lO - . Levri iMi -^'A j..' ic^w : 

>. The. light i=:that; does-*'not^ pass-' through -'the ' • • 

reflective polarizer 134.^ has a polarization orientation 
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(b) that differs from the firist polarization 
orientation (a) . Light exhibiting this polarization 
prieiitation' will encoun^ter the .index differences which 
result in .reflection of this^rlight. vThe structure and 
function, of multilayer., reflective polarizer. 134 is more 
fully described- in commonly, assigned United States 
Patent No, 5,828,488 the. disclosure of which is hereby 
e^tpressly incorporated herein by : reference. • ; • . 

Referring to Fig. 4, reflective^ polarizer 136 may 
include , a substantially icontinuous matrix 138 of a 
birefringent material : into, which is disposed a ... 
,dis;continupuS' or disperse^phase. 1,4.0^ - The).-biref ringence 
of. the., continuous: phase is- typically at least, abbiat 
0 . 05-. and may be -.between about* 0.1-^0.2. . The ^ indices of 
ref raction ;.of the'^continupus and disperse phases are. . 
s\ibst-antialiy: matched* (i.- e.. ,.;:dif fer- by- less, than^ about 
0.05). along a first :of three mutually, orthogonal: axes, 
and are\substantially: mismatched :(i...e:..y differ by more 
thanj about 0.05) along a second of the: three, mutually 
perpepdicular axes The indices, of; refraction along 
the match axis should- differ by less than ^about r. L, . 
0. 01-0 • 0.3 > while the indices: of refraction along the 
mismat,chj axis, should differ, by moret than -at leasti O.'O? 
and. pref.^,r.^bly.. In., excess, ^pf .0:;.2... ... • . . .r.-:, y,,. : 

The mismatch, in r;efractive indices .along? a 
particular axis r has the effect' that; incident light = 
polarized valong that, axis will? be. substantially 
scattered; r.esulting:. in a significant^ amount, of v - 
reflection. By ; contrast incident, light, polarized / - 
along . cin ^is in which ; the. refractive, .indices, are j 
matched .vwill, be.'- spectrally transmitted or^.ref lected ,to 
a. much .lesser-, degrefe. • ) . \ . 

The; ilispersje.;. phase .140: may have, .an oriented j - 
. rod-like geometry as.; ishown .in Fig;.. 4 , ailthough- other . 
geometries may be utilized. One method' if. or -forming the 
structure, shown is- to. form; the continuous.! phase 13 8 • 
• intp. which are ■ included sphefi'cal particles .ofv.the ; ^ 
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disperse phase .1'40 into a filing, and- then stretching the 
film .along one axis to orient" and extend the spherical 
particles into the, rod- like structures, shown. It may 
. cilso, be possible to extrude ther components to form both 
the. continuous phase 138 and .the disperse phase 140. 
. , The structure and function of ref lective - polarizer 13 6 
is more fully described in commonly as'signed United ' 
States , Patent No. 5, 783; 120 the disclosure of which is 
hereby expressly, incorporatied herein by reference • ' 

.V...; Referring again/ to ; Fig. ^ 2 ; -vthe - lightguide '112 may 
ex;tract light by: the principle >d£ frustrated 'total 
internal ref Lection, as desfcribedi. above * The 'light-'xays 
.exiting ; ther output .surface :of the^^ lightSuide 112" are 

' turiied by . the. turning film' ilS i substantially along a ' 
preferred viewing direction/of the display 102 . 
. . The light- rays exiting, the turning- film- 116 are • ^ 
generally , illustrated by ray bundle 142;' are ' randomly 
polarized, and.i.f ori :example/ contain' lights rays 'of -the 
f irst fpplarization- oriehtatipn;(a) and the '^second'-- • 
polarization orientation (b) . The light rays o£ the 
first ;polarization/-:orieriitatidn (a.) ■ are tran'smitted by 
the ref lective polarizer 132 . i These light^irays are 
illustrated ; by ray bundle 144 : - ^ The light rays haVing 
the second polarization orientation (b) are reflected 
back tpwards the . turning^<film:116 and the li^htg^uide . 
112 and are .. represented by . ray bundle -146 J " ' 

The flight rays cbntainedv-in: ray bundle' 146. will > 
re-enter .the \light:guide.:112-.and: be :reflect 

. reflector ^130. with some portion iof^cthi^si lights beirig ' 
randomized>:in. fceiTtiS. of both: direct iori 'and pblatiza-tioh. 
Thusyj- :a portion of;. these light rayss will reemerge' -f rom 
the lightguide^:having.^the . f irst-' polar ^ ' 
.orientation'vr. (a') a.rid are illustrated>^by> raLy^ bundle' 148 : 
The/light. rays /of: the ray -bundle/ 148.. add' to 'the- light* 
rays of ,,the: .ray,..bundle,ia44v'adding^^^ toi the ^overall ' ' ■ 
apparent brightness . o.f ) the display 100^ Soifne^ abscbrption 
losses . pec.ur,5vand are illustratefd.by^'the ray fcuhdle' 
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150, however, . because of . the reflective polarizerl 132, 
very few of, the. light rays exiting, the lightguide 11^2 
are absorlpe.d by the dichroic absorptive polarizer 108. 

Fig. = 5,. shows, a display 200 similar in construction 
to. the display ^iOO. Like .reference numerals are used 
,to illustrate like elements of both the display 100 and 
the display 2 00 .: , . . ^ : , 

: As shown.; in; Fig. 5 , . this turning film il6 and the 
refleqtive . polarizer . 132 -are.1 replaced by the combined 
turning f il^/ref lective: polarizer 202 . >The combined 
turning ^ f ilm/ tef lective opolarizer .202 may be* f orTned ' by 
lamination,, of a:>r<sf lettive polarizer 204; ^. such^-as ; the 
reflective: polarizer .132, « to a turning, f ilm^ 206/ ' such ' 
as the turning film:; 116. ' Alternatively, •^•beginning -'with 
a reflectivf.. polarizer, the turning film: structure may 
be f ormedyjdireetly /onto ithei ref lecti polarizer using 
radiation .or ultraviolet (UV) curing processes It is 
further possible ;: to = f orm-.the turning prims structure' by 
embbss4ng;,.a, skin; surface portion «of -'the reflective 
polarizer* cv.- :r:x .. . ^^"2.: - i *.-- • 

: r> F-ig..^ .6., ^hows ■■ a display . 3tG!0^ similar -in ■.construction 
to the display . 100 ; iliike 'reference numeirals^ are used 
to ,illustrate.,like;;.elements of both '.the ■display 100 and 
the .display>-3,00 .. ^ . ..: v.; i-> j; v • * 

In. Fig. .^6, the reflective . polarizer 132 and the ' 

' diffuser 131, as descrdbedt ini connection with Fig. 2, 
are replaced by the combined fdiffuser/reflectiv^' 
polarizer v3D2.- , The combined, diffuser /reflective ■ 
polarizer^302 may. -be formedrby laminktion '.6f a ■ ' ' 
ref-lective polarizer -3 06;, / such: as the ref leGtiVe'-- • " 
polarizer ,132,, .to a .diffuser 304, • sufch - as "the diffuser 
131. As described above;. : various al-tern^tive"^''^^ ^ 
manufacturing, .methods > , such UV curing or ;embossirig^ may 

. also be .usedi to ;f prm the.Mcombined'idiff user/ reflect ive^^^^ 
polarizer, 3.02 ..v.r:.The; d;iffusive> proper- ties^- bf '-the'' - • - 

. dif fuseryreflec.tive polarizer ^3 02 may also^ be - • ' ^ • 
established-: by ,,the inclusion^.! of i diffusive, particles - in 
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an outer- layer of the reflective polarizer or by 
providing. a coating of diffusive particles onto the 
risflectiye polarizer. 

Fig. 7 shows a display 400 similar in construction 
to the display 100 , .Like reference numerals are. used 
to illustrate . like . elements of : both the display 100 :and 
the - display . 400.. ... • .. ; 

In- Fig : 7 , . .the turning. .film 116.> the reflective 
polarizer .132 and the diffuser-131, as illustrated in 
Fig. ; 2,. are j replaced by the combined element •402 .- -. The 
combined element 402 may.^be. .formed 'by. laminating., . 
^ together a ■ turning film 404, such as turning, film 116, 
a reflective .polarizer 406 such, as the reflective- 
polarizer 132, and a diffuser 408, such . as = the diffuser 
_131. The combined , element 402, may also formed using UV 
or radiation curing -.techniques to. form the turning 
prisms . structures -.wlierein^ t^ ^kin material further 
contains bulk diffusing material. , . 

Fig. 8 shows, a display 500 similar in construction 
to the.-display ipo.. . Like , reference nmnerals .are used v 
to. illustrate, like elem the display .100 and 

the display ,500. • ^ 

. In Fig . 8, the rear polarizer 108, . the diffuser . 
131j^and the. reflective polarizea:- .'132 , as. illustrated, in 
Fig. 2, .are^replaced by. "the cpnODined element . The.* 
combined. eLement 502* may be formed by laminating ..^ 
together ja. rear polarizer. 504 , ,..s polarizer-. : 

108,,, a; diffuser 506, - such as .the, diffuser 131,.. and. a . 
reflective polarizer .508,; such as . 
polarizer, 132. .. It will be appreciated that .other i. 
techniques for forming the combined- element.. 5 02 may be. 

used-:.., -. . ^ .... . 1^;. :- - ■ . 

. . Fig..; 9 shpwsr.a. display 60.0 ^similar in cohstxuctipn 
•to t;he .display 100 - Like ref e^rence numerals ^a.re used 
to illustr^^te like, elements of .both the .displayw^ioo^ and 
the,,<aisplaY 600. , . ; | • 
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In Fig/:'9/ the rear polarizer • 108 , the diffuser 
131, the reflective polarizer 132 and the turning film 
116, as illustrated in Fig. 2, are replaced by the 
combined ^ element 602 . The combined element 602 may be 
formed by laminating together a rear polarizer '602, 
such as rear polarizer 108, a diffuser 604/ such as the 
diffuser 131, a reflective polarizer 606, suich'as the 
reflective polarizer ' 132 ; -and' a turning film '608, such 
as turning film 116 . Alternatively; a combined*- 
element, such as • combined element 502 may be formed, 
and then i'-thi^ element laminated' to a rear -diffuser; 
such as rear dif f user' «108 . It will be appreciated that 
still other techniques-^ for forming thfe combined el emeht 
602 may be used: • ' • ' ^'^^ ■ ^ - 

In each of the embodiments shovm in Figs . 5-9 , the 
combined optical element improves apparent display 
brightness by reflecting light r ay s^ having 'ia second 
polarization orientation (b)' back- toward and - 
substantially into ^ the lightgiiide 112 where ' these light 
rays « are* randomized .in polarization and directioii . A ' 
.portion of -these Randomized /light rays reemisrge from ■ 
the lightguide having the first polarization ' ' 
orientation (a) . "Because light rays 'having- the first 
polarization = orientation (a) are transmitted through ^ 
the. liquid 'c'^rystal^ di^pla^^^ device 102/ more* light rays 
ultimately- emerged from --the display enharicing--* the ' • ' ■ 
brightness of the display. Moreover, .the combination 
of optical eiemerits may "reduce the thickness ' ahd'^weight 
of the display device, -arid may reduce optical - defects ~ 
resulting from optical coupled of adjacent optical / 
elements in the -display .■ ~ ■ ' ' ■ ■' ' -^ -^ • 

Modifications and alternative embodiments of the^' 
invention will be apparent to' those skilled in the art 
in view of the fbr^egoing description. 'This dekcfiptidn 
"is to -be - construed a's i*llUstrative-'6riiyi arid 'is for the 
purpose of teaching those skilled in the art the ^be^t ' 
mode of * carrying -out the invention. The details of the 
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structure and method may be varied substantially 
without departing from the spirit of the invention, and 
the exclusive use of all: modifications which come 
within the scope of the appended claims is reserved • 
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. • CLAIMS 

What is claimed is: . 

1. An illumination device comprising: 
a light source, 

a lightguide, the lightguide having an input 
surface, an output surface and a back surface,, the 
light source being incident to the input and wherein 
the lightguide operates under the .principle of 
frustrate total internal. reflection for directing light 
rays from the light source and entering the lightguide 
at the input surface to exit the lightguide through the 
output surface in a substantially . uniform manner; 

a turning film coupled to the output surface of 
the lightguide, the turning film including a plurality 
of prism structures arranged on an input surface of the 
turning film for redirecting the light rays from the 
output surface of the lightguide through the turning 
film and from an output surface of the turning film; 

at least one optical element coupled to the 
turning film, said optical element including an optical 
structure that transmits light rays having a first 
characteristic and. reflects light rays having a second 
characteristic; 

a reflector coupled, to the back surface of the 
lightguide; ^and 

wherein lights rays having the second 
characteristics are reflected by said optical element 
through ..the turning film and into the lightguide, and 
at least a portion of said reflected light rays 
reemerge from the lightguide having the first 
characteristic. 
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2. The- illumination device of claim 1, ' wherein the 
first characteristic comprises a first .polarization and 
the- second characteristic comprises a second 
polarization dif f erent " f rom the first polarization. 

3. The illumination device of claim 1 r wherein the 
first characteristic comprises a first angular range 
an<3 the second characteristic comprises a second 
angular .range, dif f erent .from the -^first- angular -range . 

4. The illumination device of claim 1, wherein the at 
l^^st one optical element comprises; a reflective'* 

.polarizer-..,.. ■ ,\ * 

5. The illumination device of claim 1, wherein the at 
least one optical element is formed integral with the 
turning film, ..i 

6. . Th^ -illmninatipn device of ■ claim: 1 .. .wherein the at 
least one optical element comprises in combination a' 
reflective pplai^izer and:. ar dif f user - : ^ 

7.., The illumination device, of claim 1/ wherein the at 
least one optical element comprises .in combination a- • 
brightness enhancing prism .film and a- reflective 
•polarizer. . :.- \ v. v •■: 

8 . The illumination device of. . claim^ 7 ; wherein' the 
reflective; polarizer, is . coupled, to an- output: surface of 
the brightness r enhancing: prism film.- - ». : . rr.. 

• 9 . . The .illumination .device:, of > claimi wherein the • at: 
least one optical ^ .element is . laminated rto . . the output 
surface/of the. , turning .film, i . ! ':k:;: 

10. The illumination, device . of claim 1, wherein the at 
least one optical element comprises in combination a o ^ • 
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diffusive- reflective^ polarizer and an absorbing' 
polarizer, 

11. .,,The illumination device of claim 10, Wherein the 

. at least one optical element is laminated to the output 
surface of the, turning film, ■ 

12. The illumination device of claim 1, wherein the at 
least one. optical element is formed Integra:! with the 
turning film., 

• 13. The illumination device of claim 12 >' Wherein the 
at least one optical element comprises in combination a 
cholersteric polarizer and a birefringent film 
•retarder.- 

14. A display device comprising: . • 

a liquid crystal display module, the liquid 
cryst.ali display module, having an input polarizer and an 
outputs polarizer ; . . • :.- ■ > • * 

a diffuser, the diffuser bexhg'-coupledi to' the ' 
input polarizer of the liquid crystal display module; 

a .ref lective polarizer, the reflective polarizer 
being-coupled to ".an input j of the diffuser ; ' 

a :turning;':film,::= the: turning- film 'being coupled to' 
an input of the reflective polarizer; * • r~ . . ; 

a lightguide, the lightguide having an input 
surface.? . an output-: isulrf ace and a back' surface, 

.... a-; light . source , the light source being ' incident to 
the input surface of the lightguide 'arid "wherein, the 
lightguide. operates under the principle of frustrate, 
total internal refrlectiori- for • directing ■ light rayi from 
the light source and entering the ^" lightguide at^' the 
input surface to exit the lightguide'^ througli the'^ output, 
surface in a substantially uniform manner; 

.•;i-)a. reflector t-coupled to the back surface of the 
lightguide; ' and-' ■ ' • . ; • ■ 
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wherein:, the- reflective polarizer transmits light 
rays having a first . polarization and reflects light 
rays having a second polarization, said reflected light 
rays being reflected through the > turning filin and into 
the lightguide, and at least a portion of said 
reflected. light rays being reflected by the reflector 
at the back surface and reemerging from the lightguide 
having the first polarization. 

15. ./A display device comprising: • ' 

a liquid crystal display module, r the liquid- • ' ^ 
crystal display module havings, an input polarizer and an 
output polarizer; 

a combined diff user/reflective polarizer ; -the 
combined.^iff user/reflective polarizer beiiig coupled to 
the . input .polarizer:.of . .the liquid crystal ^dis^lay - 
module; .-v^-; 

a turning-f iimy ' the turning film being 'coupled to. 
an input of the. combined. diffuser/reflective-iiolarizer; 

a lightguide, the lightguide having aii input 
surface . .an output . surface arid - a back surface ; ■ ' • 

a light source,T the. light: source^ being incident -to 
the input surface/.pf the lightguide and wherein the 
lightguide .operates :under the- principle of frustrate ' 
total internal reflection for'- directing light rays from 

the light, source, and. entering the ' lightguide^ at the " 

input; surface .to exit.'^the.: lightguide^ through the: output 
surface' .in a substa^ntially iinif drm manner ; '* • I: ' j 

i a ref lectoir-.coupl^^ 
lightguide; ;^and%-.:v^ :■>.•>. r 

: wherein ;the. combined diff user /reflec polarizer 

transmits light ^ rays :havihg ' a f irst ' polarization ' and '' 
reflects - light, rays, having.: a second polarization/ said 
reflected light rays being reflected through the -v^^ 
turning., f ilm=.. and. into -the.i lightguide, v and at^ lea^t a 
portion of ; said reflected light- rays being ref lected^.by 
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the .refleqtor at the. back ^ surface and reemerging from 
the ..lightguide. having the first polarization. • 

16 . The display - device- . of claim 15 , wherein^- the 
combined :diffuser/reflective>^polarizer comprises a 
laminate including a diffuser. and a.ref lective " 
polarizer f ilm. ■ < • - . • u 

V • 

17. The display device of claim 15, wherein the 
combined diffuser/reflective polarizer comprises a 
diffusive- structure J formed in ..an output surfeice of a 

, ref. lective 'pole^rizer. • film';.'^ ' .-rs. . ; 

18. A display device ■ comprising^rM: • .. 

... ra . liquid crystal display module, the -liquid ■ - 
crystal display module having an : input ^ polarizer -and an 
output polarizer; ; ^ ;' 

,,. a. .dif fuser ;i the ..dif fuser being.>'Goupled to the 
input ,-pplarizer of ..the ^ liquid crystal display module ; • 
a coinbined : turning, .f ilm/ref lective^ -polatizer , the 
coinbined : turning, film/ref lective polari-zer being" ' - rr. .: 
.coupled, to an jinput of. -the-diffuser ' '* - 

, a lightg]Jiidej, . the light guide having an input * 
surfaqe,: jan output^surface. adjacent the combined ^ 
turnincr f ilin/re$-lective polarizer - arid a back^surf aceV- 
.-ra; light-, source/ the' light source beirig" incident ^ to 
ther .input .surface) of the .lightgUld'e : and wherein the ^ . 
lightguide oper.ates: under the prin^ciple^' of - fru'strate 
total-: internal: reflection' for: dtrecting^ m^ght^ from 
the light source and entering the lightgui/deN at^^the"^^' . • 
; input, surface; to: .exits thei lightguide -through the-' output 
surface, in^a: isubstantially. uniform manher^ ' r/a c:^ 

: a xef lectori: coupledv^ to- the^ back^'surfaice' bf • the^ 'V ■ 
lightguide; ?andf.i:; . ' \ ;;.ii;:>d" a •: "-o.- - 

;.. wherein ; the- combined ^turning f-ilm/ref leetive' • - ' ' * ' 
pplarizer:^ .transmits light : rays having a ^first' - \ - 
polarization and reflects light rays having a second 



wo 01/27528: 



PCTAJSOO/24590 



polarization, said reflected light rays being reflected 
into the lightguide, .and at least .a. portion of said 
reflected light. rays being, reflected by the reflector 
at the, back surface and re emerging*, from the . light guide 
having, the first polarization i . 

19 . , The display device of claim 18 , _ wher-eiri the . - 
co;ah)ingd turning .film/reflective polarizer comprises a 
laminate of a ^turning film and. a reflective polarizing 
film. 

20. .^The display deviipe of . ic.laim -18^^ i: . 
combined turningf f ilm/ref le<:tive^ - 
turning prisms formed in an j input .'surface, of / a -t. ^ 
reflective polarizer. 

21. .A: display, deyicp; cpmprisingi:; / ^ \:- 

, a liquid crystal .^display module.; the^ liquid. * r i- 
crystal display: module having an input, polariizer .ahd an 
output polarizer; .t. .. ^ v:. . . i. . 

a combined diff user /turning film/reflective 
polarizer, : the .cpmb^ined -dif f user/.turning. . i . ^ 
f ilm/ref lectiye polarizer , being coupled to the . input • « 
polarizer : of / .the liquid cr^ display ; ^ . r - : . 

. ; a ; lightguidev^ r the • 
surface.., , an; - output, surface . ad j acent the? combined:/ ~ • : ' 
dif f user /turning . f:ilm/refle.Gtivie< polarizer .and. a back 
supcf ace; ^ . i , . - ' s :* ■ , < .■ ; ^ r. ... 

. , . a.v.light. fsource, the; light Source being incident - to 
the input surface of .the , lightguide. and .;wherein..fche 
lightguide operates .under, the principlei-of frustrate 
total r internal reflection for -^directingj light:.;. rays . from 
the light source and entering the lightguide at.|the 
input surface to .exit • the. .lightguide • through; the : output 
surface in a substantially unif orm jmanner ; j .m. . r.. " . ^ . 

a reflector coupled to the back surface of the 
lightguide; and 
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wliereinr the Gombined diffiiis.er/ turning 
film/ reflective polarizer transmits light 'rays having a 
first, polarization and reflects light rays having a 
second polarization, said reflected Tight ray's -being 
reflected into the lightguide, and at least a portion 
of said- reflected light -rays being reflected 'by the ' 
reflector:. at the back, surface and reemergin'g from the 
lightguide having, 'the f irst polarization. 

{• 

22- The display device of claim 21, wherein the 
combined diffruser/ turning- ilm/ref lective po'larizer ' 
comprises;, a laminate of a diffuserV a turning film'- and 
a. reflective., polarizing' film. • i> i 

•23. The display device of claim 21, wherein the 
combined diff user /turning film/reflective polarizer 
comprises turning prisms i formed ori an input surface of 
a re.f lectaye- polarizer and-a' dif fuser -structure forined 
on an. output surface of the reflective polariie'r. ; ' 

24. A method of enhancing brightness in a ' display ' ' 
device, the:/ display , device' including- a liquid hrystal 
display assembly,' and an illumina'tio'n source- the ' • 
illumination, source : having a ■ lightguide - that extracts 
light rays- according- to the principle of frustrate' 
total internal reflection; ? the method comprising : - ' ^ 

injecting light rays having a first polarization'' 
. orientation, andt a second polarization, orientation' into 
the lightguide=.at an^^ihput surface; ' ' ' - 

turning light'^rays exiting^^kn output isurf ace' of ^' ■ 
the lightguide ' tona -direction subs t ant ially^ribrmal - to' - 
,the output surface;--.. /, • ' ^' • *' " - '> t- . " A'::.. 

: ^ transmitting light .rays * having ■ the . first i' 
polarization orientation; - ' ' 'l' '' ' ' ' •' ^ * ' 
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reflecting light rays having the second 
polarization orientation back toward and substantially 
through the lightguide; 

randomizing the polarization orientation of said 
reflected light rays to produce a portion of said 
reflected light rays having the first pplarization 
orientation; and 

transmitting said portion of light rays. 

25. This method of claim , 24, Wherein the step of 
reflecting light,. rays comprises prpyiding a reflective 
polarizer between the? liquid crystal display assembly 
and the illumination source. '! i! J 

i ' ' " " \ ) . ■ ; f 

26. The method of • claim 24;- wherein the step of 
reflecting light raysf cpmpirises proyiding- a combined 
turning film/reflective polarizer between the liquid 
crystal display assembly, and tlie : alixiiriination source. 

27. The method of claim 24, wherein the step of 
reflectihg^., light rays comprisey proyiding a combined 
dif fuser/ref lective polarizer between -the liquid 
crystal display a:^sembiy and the i ilXiimination source . 

28. The method 6 f claim; :;2;4 , whei^eih the step of ' 
reflecting" light ; rays comprises i^rovi^ding a combined 
dif fuser/ turning Eilm/ reflective ipolarizer between the 
liquid crystal display 'assembly and' the' illumination 
source . : « « • i 
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